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Introduction
A widely accepted definition of sustainable development is development that meets the needs of the present generation without undermining the capacity to meet future generations' needs. Sustainable development is a synthesis and balancing of three fields of our activity: economic development, sound approach to the environment, and social responsibility (social progress).
The open-pit mining of lignite is distinctive through the fact that it requires large terrain surfaces. Lignite is a type of coal which is relatively poor in quality and therefore mostly used for the production of electrical energy in thermal power plants. In order to make this process cost-efficient, it is necessary to achieve a high coal production rate. On the other hand, a high production of electricity and thereby of coal is subject to the energy demands of modern society.
According to the IEA World Energy Outlook 2007 (WEO 2007) Reference Scenario, global primary energy demand is projected to increase by 55.1% between 2005 and 2030, to a total of 17.721 million tones of oil equivalent (mtoe). Figure 1 represents Energy demand changes according to two scenarios for 2030. All of the energy growth forecasts have major CO 2 emission consequences. The WEO 2007 Reference Scenario sees CO 2 emissions increase from 26.6 gigatonnes CO 2 (GtCO 2 ) in 2005 to 34.1 GtCO 2 in 2015 and 41.9 GtCO 2 in 2030. In the WEO 2007 Alternative Policy Scenario, emissions rise to 31.9 GtCO 2 in 2015 and 33.9 GtCO 2 in 2030. In the IEO 2007 forecast, CO 2 emissions in the Reference Case increase from 26.9 GtCO 2 in 2004 to 33.9 GtCO 2 in 2015 and 42.9 GtCO 2 in 2030 [1] .
Figure 1. Energy demand changes according to two scenarios for 2030.
According the research in Serbia at the national level, the quantity of air polluters (CO 2 , SO 2 , and NO x ) emitted into the atmosphere in Serbia is presented in Table 1 [2] . For a country (either developed or developing) to understand the role of energy use at the national level, it is necessary to understand the relationship of energy use to economic activity and social well-being, and the relationship between energy and GDP indicates the economic development of a country. Industrial production in modern societies is kept in pace by socio-economic growth [3] .
Depending on energy resources available, any country may choose the method of its utilisation. The Republic of Serbia has several coal basins, with three of them being dominant: the Kosovo, Kolubara and Kostolac Coal Basins. According the Strategy of Development of Energy System in the Republic Serbia up to 2015, and according the literature, the greatest geological energy resource in Serbia is coal (about 80%), particularly low rank lignite (about 65%) [4] . Lignite is the largest natural energy source in Serbia. The share of coal is about 88% in total, and possible energy production using the remaining reserves available (small rivers, small coal mines, and oil shale), can be about 10% most [5, 6] .
Material and methods

Method of lignite extraction
The coal from Kolubara basin is lignite of relatively low quality, i.e. of low carbonisation degree, and therefore it is largely used for combustion in thermal power plants and for the generation of electricity. The Kolubara coal was formed some 10 million years ago in shallow waters of the Panonian Sea. The coal was formed in the time when the climate in this area was a warm, subtropical one. Figure 2 shows typical geological profiles of the Kolubara Coal Basin.
Figure 2. Typical geological profiles throughout the Kolubara coal basin.
The lignite extraction through the method of opencast mining in Kolubara is about 60 years old. It is a period when there were major changes in operating conditions. The equipment, laws, regulations, even the approach to open-pit mining has changed in compliance with international trends. The Kolubara coal basin is situated 50 km in the South-East of Belgrade, and occupies a territory of approximately 600 km 2 . The coal production is being carried out in four open-pits: fields C and D, Tamnava Eastern field and Tamnava Western field [7] . Figure 3 shows the mining fields of Kolubara coal basin.
Figure 3. Kolubara basin divided into mining fields.
An average annual production amounts to approximately 30 million tonnes of coal and about 70 million m 3 of overburden. Table 2 shows the coal and overburden production in Kolubara in 2008. The coal and overburden are mainly excavated by bucket wheel excavators and transported by conveyor belts. The process of coal excavation consists of several cycles: the cycle of excavation, disposal and recultivation. The mining works begin after the expropriation. First, the preparation of the terrain envisaged for mining is conducted. The preparation of the terrain necessitates the demolition of constructions, felling of trees, relocation of watercourses, roads etc. Then the overburden is excavated, transported and dumped using the mining machinery. Today, bucket wheel excavators, conveyor belts and stackers are mainly used. When the coal seam appears, such a seam is excavated and transported to the crushing plant.
Based on the process of coal excavation, explained up to this point, and its relation to the recultivation, there are few important characteristics that stand out:
• Notwithstanding the occupancy of large areas and the change in the purpose of the land, large parts are still brought back to the previous state. It virtually means that they are temporarily occupied by mining activities, in a period of some ten years, and that they can be reused as before following this period. • A part of the area occupied by the exploitation cannot be brought back to the state prior to the beginning of the exploitation. • Area occupied by the external dump, although it is generally (as a rule) higher than the terrain before mining activities, is still brought back to the state so that it can be reused.
• At the end of mining activities, the mine becomes the owner of large areas of agricultural land and forests. According to the law, the owner of an agricultural land and forest is obliged to work the soil and control forest husbandry. Figure 5 represents the paths of landscape development following a disturbance [8] . In practice, there is a number of ways to resolve this issue. There are many possibilities for, and many examples of an efficient utilisation reclaimed areas of lignite mines in the world [9-13].
Method of recultivation of Kolubara open pit mine
Recultivation is a process whereby a part of a dump is brought back to the state of land similar to the one before the excavation. In this way, the negative impact of the excavation of overburden and coal is lessened. The recultivation process is a legal obligation, which is to be implemented according to a recultivation project. The recultivation project is a mandatory, integral part of a mining project. There is a need for a national system of quality control inspection for land recultivation and reclamation sites, and provision for training in the special problems of managing reclaimed lands [14] . It consists of two parts: technical recultivation and biological recultivation and reclamation.
Technical recultivation is a procedure of levelling and preparation of a dump area for the biological recultivation. The dump, especially its vertical part, is highly rough and it is necessary to put it into such a state which enables biological recultivation. Criteria for the creation of a dump are that it is stable, technically and economically justified, and that it is not ideally flat. Before the biological recultivation begins, the quality of land is to be investigated, in two directions. Primarily, it has to be determined whether the soil contains an inadmissible concentration of harmful, toxic matters such as heavy metals. Then the soil quality is determined, in terms of the contents of humus matters, minerals and acidity, in order to define corrective measures. If the soil contains heavy metals, their concentration and mobility have to be identified. Then we should determine if and which type of agricultural products may be cultivated, or the type of forestation that would be needed [15] .
All these factors, area topography and its quality define the recultivation type. Flat parts are used for the agricultural reclamation and production, while rough parts and slopes are afforested [16] . In addition to the dump area, there is also a depression that remains after mining activities, which is naturally being filled with water. It results from the fact that the excavated coal is carried away and only the overburden is brought back to the working cavity, so there is a deficit of material. As a result of the processes of mining and recultivation, i.e. the land and watercourse restructuring, we obtain three units. The first unit is an external dump, which is restored by agricultural species at its flat parts of slopes while the rough parts are reclaimed by forest seedlings. The second and largest part is the area of an internal dump, which is also reclaimed, depending on the type of the terrain and the composition of the soil. The third part is a lake, or a number of them, that could be also arranged to serve as tourist facilities, which is a common practice in some countries, or for other purposes [17, 18] .
The recultivation is carried out in parallel with overburden excavation. Today we have about 1100 ha of reclaimed land in Kolubara, about 870 ha of forest seedlings, generally situated in rough parts of a dump and about 260 ha of agricultural land. Table 3 shows the overview of the existing condition of the soil in reclaimed areas. As we can see from the information above, open-pit lignite extraction in Kolubara coal basin has minimised by approximately 6500 ha, the cultivable and arable land and wood area. In order to reduce negative environmental effects, it is necessary to recultivate, reclaim and afforest or convert into cultivable agricultural land all of the 6500 ha, which are in the structure of the expropriated land in the Kolubara coal basin. Figure 6 shows reclaimed soil turned into an arable agricultural land and Figure 7 shows the afforested reclaimed soil in the open-pit mine Kolubara. Due to the coal extraction and ground dumping, a large number of lakes have been formed, by intersecting certain watercourses of rivers, and streams which even now fill the latter with water, and by accumulating water in certain depressions and mining shifts which were formed in ground dumps. During summertime, the accumulated water may be very successfully used for the irrigation of the crops that will be grown on the reclaimed surfaces. The seventeen lakes could be used, as well as for the irrigation, for fish and spawn breeding. Figure 8 shows one of the reclaimed depressions in the open-pit mine Kolubara and Figure 9 shows a lake in the process of reclamation. Figure 9 . Lake during the reclamation.
With a complete rearrangement of lakes and the environment, roads and other content, it is possible to project hunting, sport and recreational activities and alike, oriented to economically justified investments and being in the function of revenue increase.
Chemical analysis
Maximum allowable concentrations of hazardous and harmful substances in soil differ from country to country. Table 4 shows maximum allowable concentrations (MAC) of trace elements in agricultural soils, proposed or given in the Directives in various countries and in different years [19] . In Serbia, maximum allowable quantities of hazardous and harmful substances in soil and water for irrigation and the methods for their examination ("Official Gazette of the Republic of Serbia"No. 23/94), which may damage or modify the production capacity (fertility) of an agricultural land and the quality of water for irrigation, are envisaged in the Rules on maximum allowable concentrations of hazardous and harmful substances. Hazardous substances, in terms of the Rules, are: Cadmium, Lead, Mercury, Arsenic, Chromium, Nickel and Fluor; while harmful substances are: Copper, Zinc and Boron. Table 5 shows maximum allowable concentrations of hazardous and harmful substances as prescribed in the Republic of Serbia [20] . In order to perceive the environmental aspect of the current state and further preservation of the soil in the area of the open-cast mine Kolubara, which is mainly agricultural, analyses of the overall contents of heavy metals in the soil have been made, in the mine itself and in its vicinity, which is the area of future mining operations. The collected data serves to formulate and further enforce certain regulatory and institutional procedures which contribute to the soil keeping its economical and social potential after the reclamation. Table 6 shows the analyses of the overall content of heavy metals. The analysis of the overall content of heavy metals indicates an increased content of some heavy metals (mainly Nickel and Chromium), of which the presence relates to the origin of these alluvial lands. Such analysis is the analysis of potential pollution agents, because their accumulation in herbal products may cause the removal of these products from the further utilisation. As such large concentrations of heavy metals appear mostly in deep seams, in the process of soil reclamation, the possible soil pollution caused by these metals has to be considered, as well as measures which could reduce their accessibility to the flora [21] .
Social aspects of mining extraction and recultivation
Sustainable development -it is a synthesis and balance of three fields of our activities: economic development, a sound approach to the environment, and social responsibility (social progress). The social responsibility of the company is defined as a balance of working and personal life of the employees, equal opportunities, diversity at the workplace (ethnical minorities, handicapped and older people), ensuring of retraining of the dismissed employees etc. The European Commission defines Corporate Social Responsibility (CSR) as a conception under which the company integrates the social and environmental points of view into its business and into communication with the interested parties [22] .
In addition to the afore-mentioned, typical changes, and the condition of the environment, it would also be interesting to discuss the flow of other resources, i.e. of social changes accompanying the exploitation. At the beginning of its operation, a mine has a whole deposit (coal) and mining machinery available to it. There is not enough skilled staff, considering that the population in the vicinity is agricultural, and there is no developed industry supporting said mining activities.
During mining operations, excavations lead to the decrease in coal reserves and to the increase in the number of skilled workers. The occupied area, and therefore the reclaimed area, are enlarged. It leads to the increase in the number of inhabitants in the vicinity, due to the increase in monetary flow and the demand for experts. The starting point is typically the acceptance of sustainable developmental principles at board-room level as corporate goals, and then informing the workforce, investors and others of that commitment. Relevant employees need to be engaged as a first step in the practical application of sustainable development principles, followed by the gradual extension of training in sustainable methods of working to the workforce as a whole [23] . Mining companies were among the first to introduce the practice, now common, of building and maintaining schools, clinics and sports facilities for their employees. It is not uncommon for them to be made available to other people living in the vicinity of the company location [24, 25] .
At the end of the coal exploitation, there is no coal; however, there are large agricultural and forest areas. Both the structure and the number of inhabitants are suitable for industry, not agriculture or forestry. There are also machines with repair shops and plants, which formerly served as a support to the coal production. However, they cannot be used for land farming; the same is the case with the existing population structure. Big social problems then arise. A whole functional environment which has been developing for many years is no longer functional because mineral resources are not renewable, but rather limited by time and space.
The whole environment turns into an environment with new characteristics and non-functional social content. At that, it has to comply with the sustainable development. The solution for this problem may go into two directions. One being that during the enlargement of agricultural and forest areas after the recultivation process, it is necessary to adapt the companies which had been specialised for the production of mining equipment and to turn them into profitable ones. In addition to that, factories and repair shops, unless market oriented, should be turned into rentable factories of related products.
Results and discussion
All of the issues in connection to the relationship between an open-pit mine and the environment are defined by relations arising from the soil pollution. The technological process of lignite exploitation causes, to a certain extent, the change, i.e. deterioration, of the original morphological and pedological structure of the terrain and soil, and the release of harmful substancesmineral dust into the air, in a certain concentration. The main impact is related to the deterioration of the upper seam structure during mining operations. The above negative impact may occur as a result of the excavation of the upper seam and its inadequate disposal, and of mixing the upper seam with the lower one, as well as other barren materials. The impact of lignite exploitation also represents a potential contamination of the upper seam due to the precipitation of dust from the air. In addition to the afore-mentioned impacts, it is necessary to emphasise the disappearance of the arable upper seam as a result of the building-up in infrastructure facilities (roads, railroad tracks, water-ways, industrial areas etc.) and of the change in the purpose of the soil in the vicinity of the mine.
In any case, open-cast coal mining leads to the disturbance of geological layers where different sedimentary products are being mixed, which means that a completely new, anthropogenic land, i.e. substratum, is created, without any resemblance to the original land, which is now called a deposol. The previous exploitation usage is characterised by the fact that the disposal of overburden is made non-selectively, whereas the surface solum is not being preserved, which can later cause a number of complex problems in making the overburden suitable for herbal production, and in bringing the land back to its previous state. Visual pollution as a criterion of the relationship between a mine and its environment implies that the characteristics of the landscapes' appearance are a qualitative factor which occurs as an element of degradation of the existing and established relations. In order to switch from a descriptive impact assessment in this domain to quantitative methods, which include a complex valorisation of the area, it is necessary to perform a series of specific analytical procedures during which high-technology graphic and visual pieces of information are needed. The impact of open-cast lignite exploitation on modifications of landscape characteristics, in terms of morphological modifications of the terrain, indicates the creation of large-scale depressions and the formation of outside overburden dumps. Due to the excavation process, depressions are created in the working cavities, and this causes changes and deterioration of the morphological and aesthetic characteristics of the existing natural landscape [26] . Considering that the character and the scope of mining works are such that the previous morphological appearance of the degraded areas cannot be restored, the obligation of a company is to adapt, in the best possible way, through the technological exploitation process, i.e. overburden disposal activities and technical reclamation, the working cavity to the existing natural environment, in terms of functionality and aesthetics.
Generally speaking, within the recultivation of deteriorated surfaces, it is necessary to apply [27]: • Technical measures -which contribute to the improvement of resistant and deformable characteristics of the dump and directly influence the enhancement of the erosion stability of slopes.
• Bio-technical measures -which, along with the technical measures, contribute to faster achieving and maintaining the dump stability.
• Biological measures -which imply the implementation of agricultural and forest improvements that contribute to the stability and maintenance of reclaimed areas, but they are much more significant from the aspect of area revitalisation and establishing natural biocenoses.
Notwithstanding all the above restructuring cases, a number of people will be superfluous. They will then be re-educated or they will leave, which is certainly a problem accompanying the mining industry. Favourable circumstances in the whole process of turning an agricultural terrain into an industrial one, which is reclaimed at a later stage, is the fact that this process is very slow and that good planning may adequately rearrange it. Depending on the size of the deposit, the process of turning an agricultural, forest or urban environment into an industrial (mining) one, and then, by the recultivation process, back again into the agricultural or forest one, may be of different durations, but such processes often last for many decades. The unfavourable characteristic of this transformation process is that, due to its long duration, there is a high probability of the emergence of economic and social crises and negative flows.
Conclusions
Coal is a crucial and enduring element in a modern, balanced energy portfolio, providing a bridge to the future as an important low cost and secure energy solution to sustainability challenges.
The coal extraction in Kolubara coal basin may last for about 50 years, which is the corresponding amount of coal reserves. Namely, we shall spend the coal 10,000 times faster than it took it to be formed. It is certainly a great disturbance of the natural cycle of oxygen and CO 2 circulation. Sustainable development requires the maintenance, rational use and enhancement of natural resources, as well as a balanced consideration of ecology, economy and social justice [28] .
There are plenty of arguments to prevent further expansion of the utilisation of fossil fuels and therefore coal [29] . This is one reason, among others, why it is necessary to perform the recultivation of a dump even though it has a relatively low, although favourable, impact on the environment. As we are talking about fertile alluvial lands, it is necessary to preserve the fertile solum through selective excavation in order to bring the soil back to its previous purpose -agricultural production. The forestation of soil and terrains deteriorated by open-cast lignite mining prevents further deterioration processes, contributes to the maintenance of the ecological balance in nature, and enhances the absorption of CO 2 from the air and the content of the oxygen therein.
Notwithstanding the fact that nature has efficient mechanisms for balancing and equilibrating the gas concentration in the air, it also has limited capacities in this process. We gave ourselves the right to use the coal, as it is suitable for us. Because of this, we have a great responsibility to do that in the best possible way, bearing in mind future generations, by utilising coal reserves in compliance with the principles of the sustainable development referring to the utilisation of non-renewable energy resources and by reclaiming deteriorated surfaces resulting from the process of coal extraction, and all that in the function of sustainable development, mining exploitation and utilisation of energy from nature.
